Interest in the health effects of isoflavones accounts for much of the research attention soyfoods have received over the past 25 years. These diphenolic molecules have a relatively limited distribution in nature, such that among commonly consumed foods they are found in nutritionally relevant amounts only in soybeans and foods made from this legume [1] . As a result, isoflavone intake is high in populations where soyfoods are commonly consumed but very low otherwise. For example, among older Japanese adults intake ranges from approximately 30-50 mg/day [2] versus less than 3 mg/day among adults in the USA [3] . The three isoflavones genistein, daidzein and glycitein and their respective glycosides account for approximately 50, 40 and 10%, respectively, of the total isoflavone content of soybeans [4] .
For 50 years, isoflavones have been known to possess estrogen-like activity [5] , but not until 1992 did Adlercreutz et al. [6] propose that by compensating for the decline in estrogen levels as women enter menopause, isoflavones contribute to the low prevalence of hot flashes among native Japanese women. In 1995, the first clinical trial evaluating this hypothesis was published [7] and Thomas B Clarkson, who was well known for his work with hormone therapy (HT), along with his colleagues, noted the enthusiasm over the potential for isoflavones to reduce the risk of chronic diseases, including breast and prostate cancers, cardiovascular disease and osteoporosis [8] . Soon thereafter, with the recognition that isoflavones preferentially bind [9] to the newly discovered second estrogen receptor, ER-β [10], isoflavones began to be viewed not simply as phytoestrogens but as selective estrogen receptor modulators [11, 12] .
There was hope that isoflavones might serve as a viable alternative to HT, which began to fall out of favor with the publication of the disappointing results of the Women's Health Initiative trial [13] . However, beginning in the 1990s, work in athymic ovariectomized mice raised concerns that isoflavones might increase the risk of breast cancer in high-risk women and worsen the prognosis of breast cancer patients [14] . At about the same time, the results of clinical studies in several different areas challenged the efficacy of isoflavones [15] . Needless to say, controversy began to surround isoflavones and views about their health effects became rather muddled.
Since the hypothesis was first proposed, there has been rigorous investigation of, and debate about, the efficacy of isoflavones for alleviating hot flashes. Over the years, a number of professional societies and health organizations have taken conflicting positions on this topic. Early on, the North American Menopause Society [16] concluded there were data in support of the efficacy of isoflavones, a view that was later shared by the American College of Obstetricians and Gynecologists [17] and the Agency for Healthcare Research and Quality [18] , although all three groups also strongly emphasized the inconsistency of the evidence. However, in 2006, the American Heart Association concluded that "it seems unlikely that soy isoflavones have enough estrogenic activity to have an future science group Editorial Messina important impact on vasomotor symptoms of estrogen deficiency in perimenopausal women" [19] .
Even though the American Heart Association was well outside their established area of expertise and their discussion of this issue consisted of only 160 words and included just seven references, their conclusion carried significant weight because of the reputation of this organization [19] . A year later, a Cochrane analysis concluded that "there is no evidence of effectiveness in the alleviation of menopausal symptoms with the use of phytoestrogen treatments," despite finding that five of nine trials comparing soy extracts in capsule or tablet form with placebo reported significant differences in efficacy in favor of the former [20] . Not surprisingly, enthusiasm for isoflavones as a treatment for hot flashes waned considerably.
Meta-analyses published over the past decade have produced mixed results [21] , and results that are both supportive [22, 23] and unsupportive [20] of the efficacy of isoflavones for alleviating hot flashes. In all cases however, these analyses have suffered from a critical limitation, which is that they failed to subanalyze the results according to the isoflavone profile of the soy extract. This failure is critical, since the content of the extracts employed varied in the relative amounts of the three soybean isoflavones, each of which possesses different molecular and physiological properties [24, 25] . It is well recognized that drugs belonging to the same chemical class behave differently. For example, the US FDA approval of Brisdelle™ (Noven, NY, USA), which contains 7.5 mg of paroxetine, a selective serotonin-reuptake inhibitor, for the treatment of moderate-to-severe vasomotor symptoms associated with menopause [26] does not extend to all selective serotonin-reuptake inhibitors since they do not possess identical properties.
In 2006, Williamson-Hughes et al. [27] concluded on the basis of their review of the literature that soy extracts providing sufficient amounts of the isoflavone genistein were consistently efficacious, whereas those that were low in genistein were not. This finding is important since the two primary types of supplements that have been used in the clinical trials vary markedly in genistein content. One is derived from the cotyledon portion of the soybean, which represents approximately 90% of the whole soybean, and is high in genistein and daidzein but low in glycitein, whereas the other is derived from the hypocotyledon portion of the bean and is very low in genistein and high in daidzein and glycitein [24] .
In 2012, Taku et al. [28] became the first group to statistically evaluate the hypothesis proposed by Williamson-Hughes et al. [27] . Their meta-analysis included 17 studies that intervened with isoflavone-containing soy extracts or supplements containing isoflavones found in soybeans. The meta-analysis of the data on hot flash frequency, which included 13 studies involving 1196 women, found isoflavones were consistently efficacious, reducing the number of hot flashes per day by 20.6% (95% CI: -28.38 to -12.86; p < 0.00001) more than the reduction in the placebo group. Similarly, in the nine trials involving 988 women that evaluated hot flash severity, isoflavones reduced symptoms by 26.2% (95% CI: -42.23 to -10.15; p = 0.001) more than the reduction in the placebo group.
Subanalysis of the data revealed three interesting findings. First, baseline hot flash frequency did not impact efficacy. The percent reduction in hot flash frequency was similar regardless of whether women had two or 10 hot flashes per day at baseline. Second, hot flashes were reduced to a greater extent (p = 0.006 between groups) in studies greater than 12 weeks in duration (-34.29%; 95% CI: -49.07-19.50%) than in shorter term studies (-12.66%; 95% CI: -17.09 to -8.23%), indicating the effects of isoflavones are not transient. Third, and most important, supplements that provided higher amounts of the isoflavone genistein were considerably more efficacious than supplements low in genistein. This difference helps explain the inconsistent results noted in past reviews of the data.
In studies that intervened with supplements providing greater than or equal to 18.8 mg genistein (the median for all studies), hot flash frequency was reduced by 29.13% (95% CI: -43.09 to -15.17) vs only 12.47% (95% CI: -17.34 to -7.60) for studies providing less than this amount (p = 0.03 for difference between groups). Indirect support for this finding comes from a second Cochrane analysis, which while again failing to subanalyze the results according to the isoflavone profile of the soy extracts, did note that all four trials that intervened with genistein showed statistically significant reductions in hot flash frequency relative to the placebo [29] .
Given the results of the meta-analysis by Taku et al. [28] , it is surprising that genistein-rich isoflavone supplements have not been embraced as a treatment for hot flashes to a greater extent than they have, especially in light of the FDA's approval of Brisdelle, although this decision was controversial. Brisdelle was approved on the basis of two trials that enrolled 1184 women [30], a sample size strikingly similar to the number of women included in the meta-analysis by Taku et al. [28] . Furthermore, Brisdelle reduced symptoms by only one to two hot flashes per day in women who at enrollment had at least ten hot flashes per day [26] . Thus, the effect of isoflavones is equal to or greater than that of this selective serotonin-reuptake inhibitor.
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What then has limited the acceptance of isoflavones? There are three probable contributing factors. First, beginning with the American Heart Association's pronouncement, there has been a nearly decadelong acceptance that isoflavones lack efficacy [19] . The robust results of the meta-analysis by Taku et al. [28] simply have not prompted professional societies to reevaluate their position on isoflavones. Consequently, consumers and health professionals are likely not aware of the new data.
Second, many health professionals and clinicians have recommended that women avoid or greatly limit isoflavone exposure due to concerns over an increased breast cancer risk. This cautionary stance is slowing becoming less of an impediment as the scientific and medical communities begin to recognize that over the past 10 years, extensive clinical research shows isoflavone exposure does not adversely affect breast tissue as assessed by effects on markers of breast cancer risk [31, 32] . In addition, epidemiologic data indicate that post-diagnosis isoflavone intake reduces breast tumor recurrence and breast cancer-specific mortality [33, 34] . Not surprisingly, given these data, both the American Institute for Cancer Research [35] and the American Cancer Society have concluded that breast cancer patients can safely consume isoflavone-rich soyfoods [36] . To be fair, these groups do not endorse supplements because they fear overconsumption and because their reviews of the literature rely heavily on the results of epidemiologic studies wherein isoflavone intake occurs via the consumption of soyfoods. However, nearly all of the clinical trials evaluating breast cancer risk markers involve supplements.
Third, and most importantly, the hot flash trials in the meta-analysis by Taku et al. [28] included a wide variety of soy extracts and each of the individual trials was relatively small, unlike the research of Brisdelle, which involved two large trials and the same preparation. Consequently, while collectively the data are impressive, no individual soy extract has been extensively studied.
Finally, although expert views on the use of HT for the treatment of menopausal symptoms have become less restrictive and more individualized than was the case immediately following the publication of the Women's Health Initiative trial [37] , many women still prefer using nonhormonal alternatives for alleviation of hot flashes [38] . Furthermore, even those women who initially opt for HT may eventually need an alternative since upon discontinuation of HT hot flashes often resume [39] . Obviously, there is a need for HT alternatives.
In conclusion, the overwhelming amount of evidence indicates that isoflavone supplements, provided they contain a sufficient amount of genistein, alleviate hot flashes to a clinically relevant extent and have an acceptable safety profile. The amount of total isoflavones (expressed in aglycone equivalent weight) needed for relief is estimated to be approximately 40-50 mg/day, which is provided by approximately two servings of traditional soyfoods, an amount that is well within the range of the soy/isoflavone intake of older adults in Japan [2] . Therefore, health professionals and clinicians are justified in advising their clients and patients to try isoflavones for the relief of hot flashes. •• Meta-analysis of five prospective studies involving approximately 11,000 breast cancer patients that evaluated the effect of post-diagnosis soy intake on tumor recurrence and breast cancer mortality.
